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Blowin'  in  the  Wind 

Who  has  seen  the  wind? 
Neither  you  or  I  : 

But  when  the  trees  bow  down  their  heads 
The  wind  is  passing  by. 

— Christina  Rossetti 

The  invisible  elusive  wind  has  long  served  and  defied  the  human 
race.  The  mystique  surrounding  the  wind  encompasses  tales  of 
mystery,  enchantment,  and  adventure. 

Ancient  Greeks  and  Romans  believed  the  winds  were  the 
children  of  the  earth  and  the  sky.  Wizards  in  Finland  sold 
wind- — tied  up  in  a  rope  with  three  knots — to  sailors.  Some 
people  in  West  Africa  still  believe  that  a  wind  god  named  Bagba 
keeps  the  winds  shut  up  in  great  pots  and  lets  them  out  when  he 
pleases. 

Humans  must  catch  the  wind  before  they  can  harness  it. 
Thousands  of  years  ago,  people  first  caught  the  wind  to  push 
sailboats — prototypes  of  the  magnificent  windjammers.  Inhabi- 
tants of  Babylon  and  Persia  were  probably  the  first  to  use  wind- 
mills. A  common  power  source  in  Europe  in  the  late  1700's, 
windmills  became  so  popular  they  are  the  national  symbol  of 
The  Netherlands. 

Millions  of  windmills  and  wind  turbines  were  built  in  the 
United  States  between  1880  and  1930.  With  the  advent  of  rural 
electric  power,  however,  once-proud  windmills  stood  unused, 
in  disrepair. 

Now,  we  must  find  alternative  energy  sources.  Wind  energy 
has  many  agricultural  applications  and  the  power  system  is 
relatively  simple.  Since  the  technology  for  harnessing  the  wind 
is  simple,  safe  and,  in  some  cases,  already  developed,  wind  may 
soon  become  a  significant  power  source. 

In  conjunction  with  the  Energy  Research  and  Development 
Administration,  ARS  is  now  seeking  the  best  ways  for  agricul- 
ture to  use  wind  energy.  Such  projects  as  using  wind  power  to 
heat  rural  houses  and  pump  irrigation  water,  \\ill  be  studied. 
How  much  agricultural  energy  can  be  exploited  from  the  wind 
and  where  it  is  most  feasible  are  research  questions. 

Because  the  wind  is  capricious,  we  cannot  depend  on  it  where 
we  need  constant  power.  Storage  may  not  be  economical.  But, 
wind  energy  can  be  used  with  fossil  fuel  or  other  sources  to  assure 
a  constant  power  supply. 

The  ansNver  to  many  of  our  agricultural  energy  problems  may, 
in  fact,  be  "blowin'  in  the  wind." — M.M.M. 
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a  volume  of  2,500  cubic  feet  per  minute 
airflow.  The  system  is  powered  by  a 
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Processing  Alfalfa 

with  Less  Fuel 


Dr.  Kehr  examines  windrowed  alfalfa 
for  stage  of  maturity  and  insect  and 
disease  damage.  The  windrower  in  the 
background  mows  the  alfalfa  and  piles 
it  in  windrows  for  partial  drying  in  the 
field  (0876X1033-10A). 


THE  DEHYDRATION  INDUSTRY  is  Con- 
serving energy  in  producing  al- 
falfa pellets,  thanks  to  research  begun 
a  decade  before  the  energy  crisis. 

University  of  Nebraska  and  ARS  sci- 
entists in  1965  demonstrated  that  fuel 
use  for  dehydration  could  be  reduced, 
with  no  appreciable  loss  in  pellet  qual- 
ity, if  the  alfalfa  were  first  partially 
dried  in  field  windrows.  Protein,  caro- 
tene, and  fiber  contents  of  pellets  proc- 
essed after  moisture  was  reduced  to  60 
percent  in  the  windrow,  from  78  per- 
cent, were  not  appreciably  different 


from  those  of  pellets  from  direct-cut 
alfalfa. 

These  results  attracted  minimum  at- 
tention when  natural  gas  and  oil  for 
dehydration  were  readily  available  and 
inexpensive.  Today,  many  dehydrators 
have  shifted  to  partial  windrow  drying 
on  a  part-time  or  full-time  basis.  They 
are  producing  pellets  of  acceptable 
quality  while  reducing  natural  gas  con- 
sumption 10  to  20  percent,  according 
to  industry  estimates. 

More  than  90  dehydration  plants  in 
Nebraska,  each  processing  alfalfa  from 
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about  5.000  acres,  produce  about  45 
percent  of  the  dehydrated  alfalfa  in  the 
United  States. 

In  partial  field  drying,  alfalfa  is  cut 
with  a  windrower  and  allowed  to  wilt 
to  about  60  percent  moisture.  Then  it 
is  harvested  by  chopper  \\  ith  pickup  at- 
tachment and  dehydrated.  Less  fuel  is 
needed  and  total  output  is  increased 
because  of  less  time  in  the  dehydrating 
drum.  Chopped  alfalfa  in  the  field  has 
a  moisture  content  of  75  to  80  percent, 
while  that  of  the  pellets  is  from  5  to  6 
percent. 

University  biochemist  Robert  L. 
Ogden  and  ARS  agronomist  \\  ilHam  R. 
Kehr  (333  Keim  Hall,  University  of 
Nebraska,  Lincoln,  NE  68583 ) .  con- 
tinued their  studies  to  define  conditions 
under  which  partial  windrow  drying 
would  be  successful.  ^  ind  speed, 
amount  of  sunshine,  air  temperature, 
and  humidity  all  affect  drying  rate  in 
the  windrow. 

Tests  on  four  successive  days  each  in 
June,  July,  August,  and  September 
showed  that  ^vilting  alfalfa  in  the 
windrow  removed  3.000  to  4,000 
pounds  of  water  per  ton  of  hav  in  9 
davlight  hour?  with  favorable  weather. 
Alfalfa  was  not  dried  belo\v  the  desired 
60  percent  moisture  level  unless 
moisture  content  of  uncut  ha^  was  less 
than  75  to  77  percent. 

Protein  content  did  not  change  sig- 
nificantly witii  up  to  10  hours  of  field 


Above:  An  alfalfa  chopper  with  a  windro^v  picknp 
attachment  picks  up  alfalfa  after  partial  field  drying. 
The  chopper  is  a  highly  adaptable  piece  of  farm  ma- 
chinery that  can  be  altered  to  serve  a  variety  of  pur- 
poses (087(1X10.U-19A).  Right:  Trucks  loaded  with 
partially  field-dried  chopped  alfalfa  ivait  to  unload  at 
a  dehydration  plant.  Partial  field  drying  reduces  the 
amount  of  fuel  needed  for  dehydration  (0870X1033- 
16A). 
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drying,  these  tests  indicated.  Carotene 
content  of  full-bloom,  first-cutting  hay 
declined  significantly  after  4  hours  but 
did  not  change  significantly  in  the  other 
three  cuttings  with  up  to  10  hours  of 
field  drying. 

Another  study  compared  drying  in 
windrows  made  at  1  p.m.,  7  p.m.,  1 
a.m.  and  7  a.m.  Drying  to  60  percent 
moisture  was  achieved,  after  8  to  9 
hours,  only  in  two  June  tests  begun  at 
7  a.m.,  although  a  similar  amount  of 
water  was  removed  from  alfalfa  with 
higher  initial  moisture  content  in  other 
tests.  Drying  rate  was  very  low  during 
night  hours;  hay  sometimes  picked  up 
moisture  from  dew  accumulation  at 
night. 

In  feeding  trials  conducted  by 
Nebraska  animal  scientists  Cecilia  Dorn 
and  Terry  J.  Klopfenstein,  Mr.  Ogden, 
and  Dr.  Kehr.  pellets  made  from  par- 
tially field-dried  alfalfa  proved  equal 
to  those  from  direct-cut  alfalfa.  Tests 
were  run  with  12  and  24  wethers  and 
with  192  steers.  Dry  matter,  nitrogen, 
and  fiber  digestibilities  were  equal  in 
the  two  types  of  pellets,  and  both  were 
rated  excellent  sources  of  protein  and 
digestible  dry  matter. 

The  researchers  caution  that  dehy- 
drating field-wilted  alfalfa  must  be 
carefully  controlled  to  vield  a  qualitv 
product,  since  less  heat  and  time  are 
required  than  in  processing  direct-cut 
alfalfa.— 


Above:  After  xmloading,  the  chopped  alfalfa  moves 
through  the  autofeeder,  drawn  by  an  eyidless  chain,  into 
the  dehydration  drum  for  processing  into  pellets 
(0S76X1032-31).  Left:  Bill  A.  Malone,  a  dehydration 
cooperating  biochemist  from  the  University  of 
Xebraska,  examine  freshly  extruded  alfalfa  pellets 
(087  6X1033-35 A).  '  ' 
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Beef  cattle  genetic  resources  —  A  long  look 


THE  WIDE  SPECTRUM  of  beef  cattle 
types  available  in  the  world  gives 
cattlemen  the  opportunity  for  matching 
genetic  resources  with  specific  produc- 
tion and  marketing  requirements — - 
provided  the  strengths  and  weaknesses 
of  each  cattle  type  are  known. 

ARS,  in  cooperation  with  the  Uni- 
versity of  Nebraska,  Lincoln,  is  devel- 
oping information  needed  for  wise  use 
of  these  genetic  resources  through  the 
long-term  beef  germ  plasm  evaluation 
program  at  the  U.S.  Meat  Animal  Re- 
search Center  (P.O.  Box  166,  Clay 
Center,  NE  68933). 

The  program's  objective,  says  Direc- 
tor Keith  E.  Gregory,  is  to  characterize, 
in  breed  crosses  or  breeds,  the  bio- 
logical and  environmental  relationships 
among  traits  relating  to  growth,  feed- 
use  efficiency,  carcass  composition, 
meat  quality,  and  reproduction. 

In  the  first  cycle  of  the  study,  a  team 
of  USMARC  scientists  bred  Angus 
and  Hereford  cows  by  artificial  in- 
semination to  200  sires  rej)resenting 
seven  breeds — Angus,  Charolais,  Here- 
ford, Jersey,  Limousin,  Simmental,  and 
South  Devon.  Cows  were  2  to  3  years 
old  at  the  start  of  the  study.  More  than 
2,300  ca  Ives  were  produced  in  three 
seasons.  Steers  were  fed  out  and 
slaughtered  and  heifers  raised  to 
maturity  and  bred. 

Charolais  and  Simmental  crosses  had 
higher  preweaning  average  dailv 
gains,  were  heavier  at  weaning,  had 
larger  hii  lh  weights,  and  more  calving 
difficuhy  than  the  other  breeds.  South 
Devon  and  Limousin  crosses  were  sim- 
ilar to  Hereford-Angus  crosses  in  wean- 
ing   weight,    intermediate    in  birth 


weight,  and  more  like  Charolais  and 
Simmental  crosses  in  calving  difficultv. 
Jersey  crosses  were  lightest  at  birth  and 
weaning  and  had  the  least  calving  dif- 
ficulty. 

In  the  feedlot,  Charolais  and  Sim- 
mental cross  steers,  followed  by  South 
Devon  crosses,  were  largest  at  105  days 
of  age  and  fastest  gaining.  Hereford- 
Angus  and  Limousin  crosses  were  sim- 
ilar in  weight;  Jersey-sired  steers  were 
smallest  and  slowest  gaining. 

The  researchers  computed  feed-use 
efficiency  of  about  1,100  steers  three 
ways. 

At  5  percent  ribeye  fat,  which  was  ap- 
proximately equivalent  to  low  choice 
quality  grade,  Hereford-Angus  steers 
were  the  most  efficient  but  not  signifi- 
cantly different  from  South  Devon, 
Charolais,  and  Jersey  crosses.  Limou- 
sin crosses  were  least  efficient  but  not 
significantly  different  from  Simmen- 
tal-sired  steers. 

Efficiency  of  gain  during  217  days 
on  feed  showed  an  advantage  of  faster 
gaining  over  slower  gaining  groups  in 
spite  of  the  heavier  weights  maintained. 
By  this  measure,  Charolais  cross  steers 
were  most  efficient  and  Jersev  crosses 
least. 

Computing  efficiency  in  terms  of 
feed  needed  to  increase  \veight  from 
530  to  1.035  pounds  favored  breed 
groups  farthest  from  mature  size  be- 
cause of  leaner  composition  of  their 
gain.  On  this  basis,  Charolais  crosses 
were  significantly  more  efficient  than 
all  other  groups  except  Simmental,  and 
Jersey  crosses  were  least  efficient. 

The  steers  were  slaughtered  and 
graded  at  a  commercial  packing  plant. 


and  the  right  side  of  each  carcass  was 
))rocessed  at  Kansas  Slate  University, 
Manhattan,  to  (jbtain  detailed  informa- 
tion and  taste-panel  palatability  evalua- 
tion. 

Charolais,  Limousin,  and  Simmental 
crosses  had  a  significantlv  higher  per- 
centage yield  of  prime  cuts  and  lower 
percentage  of  fat  trim.  South  De\on 
and  Hereford-Angus  groups  were  inter- 
mediate, and  Jersev  crosses  lowest. 

Jersey  crosses  were  significantly 
higher  than  the  other  breed  groups  in 
marbling  (estimated  amount  of  intra- 
muscular fat  in  the  ribeve  i .  They 
were  followed  in  rank  bv  Hereford- 
Angus.  South  Devon,  Simmental, 
Charolais.  and  Limousin. 

Palatability  of  rib  steaks  from  the 
carcasses,  as  scored  by  an  experienced 
taste  panel,  was  well  above  the  mini- 
mum acceptability  for  all  breed  groups, 
and  differences  were  small. 

In  the  evaluation  of  gro\\th  of  915 
heifers.  Charolais,  Simmental.  and 
South  Devon  cross  heifers  were 
heaviest  at  400-day  age.  followed  close- 
ly by  Hereford-Angus  and  Limousin. 
Jersey  crosses  were  lightest. 

Limousin  and  Charolais  cross  heifers 
were  oldest  when  they  reached  puberty; 
Hereford-Angus,  South  Devon,  and 
Simmental  crosses  were  intermediate; 
and  Jersev  crosses  were  youngest. 
Breed  of  dam  iiad  a  large  effect  in  favor 
of  Angus  dams  on  ptMcentage  of 
heifers  reaching  puIkmIn  IicIwcmmi  270 
and  510  (la\s  of  age.  Fewer  heifers 
from  2-\ear-ol(l  mothers  reached  pii]>- 
bertv  at  .')90  days,  and  the  percentage 
rose  as  age  of  dam  increased. — W.ir.M. 
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Another  source  of  roughage 


COTTONSEED  HULLS  make  a  good 
source  of  roughage  for  winter 
feeding  of  cattle.  The  hulls,  a  byprod- 
uct of  cotton  ginning,  are  readily  eaten 
by  cattle  and  provide  about  45  percent 
digestible  energy  in  the  diet. 

In  experiments  at  the  Beltsville 
Agricultural  Research  Center,  growing 
steers  were  fed  diets  containing  various 
combinations  of  100  percent  crude  pro- 
tein equivalent  supplements.  Their 
supplements  contained  biuret  or  urea 
as  the  nonprotein  nitrogen  (NPN) 
sources.  In  two  diets,  part  of  the  nitro- 
gen in  the  NPN  was  replaced  with  natu- 
ral proteins  in  the  form  of  either  soy- 
bean meal  or  fishmeal.  Steers  on  all 
diets  were  fed  cottonseed  hulls,  min- 
erals, and  vitamins  free-choice. 

The  trials  were  conducted  by  ARS 
animal  scientists  Robert  R.  Oltjen, 
David  A.  Dinius,  and  H.  Keith  Goering 
(Building  200,  ARS-East,  Beltsville, 
MD  20705). 

\^Tien  steers  were  fed  only  biuret  or 
urea  as  the  NPN  source,  they  gained 


1.2  pounds  per  day.  However,  when  a 
small  part  of  the  nitrogen  in  the  NPN 
was  replaced  with  fishmeal  or  soybean 
meal,  steers  gained  about  1.5  pounds 
per  day.  Adding  soybean  meal  or  fish- 
meal encouraged  cattle  to  eat  the  cotton- 


Research  technician  Banner  L.  Phillips 
demonstrates  that  the  steers  involved  in 
the  cottonseed-hull  feeding  studies 
readily  eat  the  test  jiroduct — even  to  the 
extent  that  they  can  be  handfed 
(0976X1219-34.)- 


seed  hulls.  Cattle  ate  about  3.1  percent 
of  their  body  ^\"eight  in  cottonseed  hulls 
per  day.  Adding  monensin,  a  rumen 
stimulant,  to  the  diet  decreased  the  in- 
take of  cottonseed  hulls  and  reduced 
gains. 

These  experiments  w^ere  repeated, 
substituting  chopped  cornstalks  or 
barley  straw  for  cottonseed  hulls  in  two 
diets.  Steers  fed  cornstalks  lost  weight 
and  consumed  only  about  half  as  much 
as  did  steers  fed  cottonseed  hulls. 
Steers  fed  barley  straw  fared  slightly 
better  than  cattle  fed  cornstalks — gain- 
ing about  0.4  pound  per  day — but  ate 
only  t^vo-thirds  as  much  as  cattle  on 
cottonseed  hulls. 

Cattle  fed  cottonseed  hulls  gained  at 
or  above  the  1-1.5  pounds  per  day 
often  recommended  for  overwintering 
of  steers.  "These  results  indicate,"  says 
Dr.  Oltjen,  "that  it  is  feasible  for  cat- 
tlemen to  winter  their  steers  on  diets 
containing  cottonseed  hulls  as  the  sole 
roughage  source,  supplemented  only 
with  NPN,  vitamins,  and  minerals." 
—M.E.N. 


Cottonseed  hulls — a  low-quality  roughage  that  is  a  natziral  byproduct  of  cotton 
production — are  being  used  as  the  primary  energy  source  in  the  rations  of  more 
than  100  beef  steers  in  two  separate  studies  at  Beltsville  (0976X1219-15 ) . 
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r/^e  droplets  on  the  left,_  which  contain  no  bacteria,  are  siiper-cooled,  fluid  water. 
Tliose  on  the  right,  which  contain  bacteria  active  in  ice-micleation,  have  frozen 
(0676X799-9). 

BocteriQ  linked  to  frost  domoge 


A DISCOVERY  about  bacteria  on  plant 
leaves  may  lead  to  technology  for 
reducing  the  gamble  that  farmers  take 
in  northern  States  as  they  try  to  pro- 
duce corn  and  other  crops  profitably 
between  late  spring  and  early  fall 
frosts. 

In  the  course  of  basic  studies  on  na- 
ture of  disease  resistance  in  plants,  an 
ARS  scientist  observed  striking  differ- 
ences in  frost  damage  between  labora- 
tory-grown corn  seedlings  that  had  been 
treated  with  leaf  powder  containing 
bacteria  from  field-grown  corn  and 
seedlings  that  had  not  been  so  treated. 
From  field-grown  plants,  the  research- 
ers isolated  bacterial  species  that  can 
act  as  nuclei  in  the  formation  of  ice 
crystals  on  plants. 

Thi^  lindiiig  niav  signal  a  ((uest  for 
economical  waN  s  to  control  po])uIations 


of  ice-nucleation-active  (INA)  bacteria 
on  corn  and  other  crops.  While  com- 
mercial application  of  the  research  may 
be  years  away,  the  study  is  an  example 
of  work  that  could  reduce  crop  losses. 

ARS  chemist  Christen  D.  Upper 
(Disease  Resistance  Laboratory  I  ni- 
versity  of  Wisconsin,  Madison.  WI 
58706).  and  his  colleagues  Steven  E. 
Lindo\\  and  Deane  C.  Arnv  at  the  Uni- 
versitv  of  Wisconsin,  placed  corn  seed- 
lings grown  to  the  three-leaf  stage  into 
a  controlled-temperature  chamber 
\\li(M'(\  ()\('r  a  pci'iod  of  an  hour  or 
longer.  temi)eratures  drojiped  from  0'' 
to  — 3.5*^  C  or  lower.  Then,  in  a  period 
of  more  than  one-half  hour.  t(Mnpera- 
tures  rose  to  30'^  C.  Less  than  10  jjer- 
cent  of  baclciia-frce  lea\es  sustained 
fro^l  iiijiirx  iiiili'^-  lcin|)ci'alui('s  dipped 
low  CI-  than      <S    C  (18  Fl. 
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On  other  seedlings,  the  researchers 
sprayed  buffered  suspensions  of  an 
IN  A  bacterium,  Pseudomonas  syringae, 
in  concentrations  of  about  1  billion  cells 
per  milliliter  (ml) .  The  next  day,  expo- 
sure of  the  seedlings  to  a  —  4°  C  envi- 
ronment resulted  in  damage  to  nearly 
all  leaves.  Scientists  observed  similar 
damage  in  the  field  after  temperatures 
fell  into  a  —2°  to  —5°  C  temperature 
range. 

The  scientists  have  discovered  that 
at  least  one  other  bacterial  species  that 
lives  on  corn  leaves,  Erivinia  herhicola, 
is  an  active  ice  nucleus.  Both  species 
are  called  epiphytes  because  they  re- 
side on  plant  surfaces  and  depend  on 
plants  for  sustenance  and  growth. 

P.  syringae  also  is  a  pathogen  and  can 
invade  a  wide  variety  of  plants  through- 
out the  world,  sometimes  causing  yield 
losses  in  crops.  Until  now,  howxver,  the 
organism  Avas  thought  to  have  little  im- 
pact on  corn  production.  Consequently, 
researchers  who  developed  inbred  lines 


of  corn  and  corn  hybrids  did  not  give 
major  attention  to  resistance  of  corn  to 
holcus  spot,  the  corn  disease  caused  by 
P.  syringae. 

Moisture  may  enhance  P.  syringae^s 
growth  or  movement  to  sites  on  plants 
that  are  vulnerable  to  frost  damage, 
says  Dr.  Upper.  His  studies  show  that, 
in  the  laboratory,  P.  syringae  suspen- 
sions as  dilute  as  150,000  cells  per  ml 
cause  frost  to  damage  75  percent  of 
corn  leaves  if  sprayed  plants  are  held 
under  a  mist  for  24  hours  before  they 
are  exposed  to  a  —  4°  C  environment. 

In  another  experiment,  the  scientists 
reduced  INA  bacterial  populations  in 
the  field  by  spraying  corn  with  dilute  so- 
lutions of  the  antibiotic,  streptomycin. 
Several  days  later,  in  the  first  light  frost 
of  the  fall,  the  temperature  dropped  to 
about  —2°  C.  About  13  percent  of  the 
sprayed  leaves  were  frost  damaged  com- 
pared to  about  29  percent  of  the  leaves 
that  were  not  sprayed. 

Streptomycin  is  toxic  to  corn  plants 


and  is  not  registered  for  use  on  corn. 
Furthermore,  spraying  complete  fields 
with  the  antibiotic  would  be  expensive. 
HoAvever,  the  scientists  hope  other  ways 
can  be  found  to  change  the  environment 
of  leaves  to  reduce  populations  of  bac- 
teria that  incite  frost  damage. 

In  studies  that  were  less  extensive 
than  those  on  corn,  researchers  ob- 
served that  frost  sensitivities  of  lettuce, 
green  beans,  tobacco,  and  tomatoes 
also  may  be  conditioned  by  populations 
of  INA  bacteria  on  leaf  surfaces.  The 
potential  economic  impact  of  control- 
ling the  bacterial  pests  is  difficult  to 
assess,  savs  Dr.  Upper.  Precise  infor- 
mation of  actual  losses  from  frost  on 
most  crops  is  not  available. 

The  average  corn  yield  for  the  United 
States  in  1974  was  down  20  bushels  per 
acre  from  the  previous  vear,  due  in 
large  part  to  early  fall  frosts.  In  Wis- 
consin alone,  corn  gro\\'ers  received 
some  SIO  million  in  disaster  relief  be- 
cause of  the  frost  damage. — G.B.H. 


Left:  University  of  Wisconsiji  graduate  student  Steve 
Lindow — with  Dr.  Upper  observing — applies  droplets  of  bac- 
terial suspension  to  aluminum  foil  floating  on  a  —5°  C  constant 
temperature  bath.  This  allows  researchers  to  compare  the  rela- 
tive freezing  characteristics  of  each  suspension  (0'676X798-19). 
Right:  Mr.  Lindoiu  compares  young  corn  after  it  ivas  subjected 
to  —U°  C.  Prior  to  freezing,  the  undamaged  corn  was  treated 
with  plain  water.  The  damaged  corn  was  treated  with  a  sus- 
pension of  bacterial  ice  nuclei  (0676X798-5). 
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The  Pon  Ponder  farm  m  Tuscola,  III.,  is  the  site  of  one  of  several 
solar  projects  near  the  Champaign-Urhana  area.  In  photo  on  right.  Dr. 
G.  C.  Shove,  professor  at  the  University  of  Illinois,  checks  the  tempera- 
ture of  the  air  as  it  enters  the  solar  collector  (0175X53-5)  and,  above 
photo,  as  it  leaves  the  collector  and  enters  the  drying  fan  (0175X56- 
27 A).  The  drying  fan  forces  the  solar-heated  air  into  the  drying  bin. 
These  data  enable  researchers  to  compute  temperature  rise  through  the 
solar  bag.  The  capacity  of  the  bag  is  2,000  cubic  feet  per  minute,  and 
it  is  capable  of  generating  60,000  Btu's  per  hour  on  a  sunny  day. 


FARMERS  have  always  depended  on 
solar  energy,  directly  or  indirectly, 
to  dry  their  mature  crops.  The  new  di- 
mension in  solar  drying  is  collecting 
and  directly  using  solar  energy  to  dry 
corn,  rice,  and  occasionally  grain  sor- 
ghum, wheat,  or  soybeans  at  the  time 
of  harvest. 

Supplemental  solar  heat  speeds  low- 
temperature  drying  of  grain  in  the  bin, 
says  ARS  agricultural  engineer  George 
H.  Foster,  and  increases  the  probability 
that  drying  will  be  completed  before 
the  onset  of  winter  weather.  The  feasi- 
bility of  applying  solar  energy  to  high- 
speed batch  or  continuous  flow  grain 
drying  is  yet  to  be  determined. 

Letting  the  sun  and  wind  dry  crops 
standing  in  the  field,  in  the  stack  or 


windrow,  or  in  a  ventilated  crib  or  shed 
is  in  fact  solar  drying,  he  points  out. 
Earlier  harvest  of  corn  at  higher  mois- 
ture content,  as  the  picker-sheller  re- 
placed the  corn  picker  over  the  past  20 
years,  has  increased  the  farmer's  de- 
pendence on  fossil  fuels,  principally  LP 
and  natural  gas.  These  fuels  are  solar 
energy  that  growing  plants  of  the  past 
concentrated  by  photosynthesis. 

Mr.  Foster,  at  the  U.S.  Grain  Market- 
ing Research  Center  (1515  College 
Ave.,  Manhattan,  KS  66502),  says  the 
energy  now  required  for  drying  corn 
often  exceeds  the  energy  for  producing 
the  crop,  from  seedbed  preparation 
through  harvesting.  The  proportion  of 
the  corn  crop  artificially  dried  in  Illi- 
nois, Indiana,  and  Iowa  rose  from  14 


Hornessi 

percent  in  1956  to  around  70  percent 
in  the  1970's. 

Grain  has  been  solar-dried  to  mois- 
ture levels  safe  for  storage,  without  sig- 
nificant spoilage,  in  about  two  dozen 
tests  at  eight  Corn  Belt  locations.  This 
research  was  funded  by  the  Energy  Re- 
search and  Development  Administra- 
tion and  the  National  Science  Founda- 
tion. 

Mr.  Foster  is  coordinating  the  re- 
search in  association  with  agricultural 
engineer  Robert  M.  Peart.  Purdue  Uni- 
versity. West  Lafayette.  Ind.  Field  tests 
or  computer  simulation  studies  were 
done  by  land-grant  universities  in  Col- 
orado. Illinois.  Indiana.  Iowa,  Kan- 
sas, Michigan.  Minnesota.  Missouri, 
Nebraska,  Ohio,  and  South  Dakota.  Ad- 
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the  Sun 


ditional  research  was  done  by  an  Ari- 
zona firm  and  by  ARS  agricultural  en- 
gineers in  Indiana,  Iowa,  Kansas,  and 
Texas. 

Solar  heat  is  most  promising  for  lo^v- 
temperature  drying  in  the  warmer, 
more  humid  parts  of  the  Com  Belt,  Mr. 
Foster  says.  There,  heat  is  needed  to 
lower  humidity  so  drying  can  proceed 
to  a  moisture  level  safe  for  storage. 
Low-temperature  drying  can  be  com- 
pleted without  supplemental  heat  most 
of  the  time  in  less  humid  areas,  such  as 
Kansas.  On  the  other  hand,  he  says 
solar  energy  may  not  furnish  enough 
extra  heat  to  assure  drying  success  in 
northern  locations. 

How  fast  solar  drying  is  adopted 
will  depend  on  the  supply  and  price  of 


fossil  fuels  and  also  on  ho^v  much  of  a 
scarce  supply  is  available  for  agricul- 
tural production.  Mr.  Foster  points  out. 

In  comparison  with  low-temperature 
electric  drying,  solar  energy  saved  5 
cents  a  bushel  in  Indiana  tests  and 
about  2  cents  a  bushel  in  Iowa.  Each 
100  square  feet  of  collecting  area  pro- 
vided energy  equal  to  18.6  kilowatt- 
hours  of  electricity  or  0.67  gallon  of  LP 
gas  a  day  in  eight  ARS  tests  in  Kansas. 

Solar  collectors  are  simple  in  con- 
struction and  relatively  inexpensive. 
Many  consist  of  a  material  that  trans- 
mits radiant  energy,  and  also  serves  as 
a  cover,  over  a  dull  black  and  perhaps 
roughened,  corrugated,  or  V-shaped 
material  that  absorbs  energy.  Air  from 
a  fan  is  forced  over  and  around  the 
heat-absorbing  surface  and  is  warmed 
before  entering  the  grain.  The  cover, 
sometimes  omitted,  about  doubled  the 
performance  of  collectors  in  Kansas 
and  Iowa  tests. 


Above:  The  cover  plate  of  the  solar 
collector  being  used  in  this  coopera- 
tive experiment  at  loiva  State  Uni- 
versity (ISU),  Ames,  tinlike  those 
at  Champaign  and  Manhattan,  is 
not  an  inflated  air  bag.  It  is  a  rigid 
stTnicture  made  of  acrylic  plastic 
(0175X38-30). 

Left:  ARS  technicians  at  Manhat- 
tan, Kansas,  ernerge  from  the  stor- 
age bin  connected  to  the  solar  dryer 
after  probe  sampling  at  given 
depths  and  locations  in  the  bin. 
These  samples  are  used  to  de- 
termine moisture  content  and  stor- 
age mold  invasion  (0175X61-29). 


Manv  of  the  tests  ^vere  uith  long, 
tubular  plastic  collectors  of  several 
types,  usually  air-inflated.  South  Da- 
kota and  Illinois  engineers  tested  col- 
lectors installed  on  the  side  of  a  round 
grain  bin.  In  Illinois  and  Wisconsin, 
engineers  modified  the  roof,  sidewalls, 
or  both  of  a  metal  building  near  the 
grain  bin  as  a  collector. 

For  low-temperature  drying,  col- 
lector area  has  ranged  from  0.10  to 
0.75  square  foot  per  bushel  of  grain 
dried.  Typically,  solar  heat  and  the  heat 
generated  bv  the  fan  raise  the  drying 
temperature  about  5°  F  with  this  sys- 
tem, Mr.  Foster  says. 

Thirty  to  fiftv  percent  of  available 
solar  heat  was  collected  for  low-temper- 
ature drying.  In  Ohio,  a  tubular  col- 
lector was  more  efficient  oriented  east- 
west  rather  than  north-south  in  No- 
vember. Performance  of  a  flat-plate 
collector  was  approximately  doubled  in 
Iowa  when  it  was  tilted  toward  the  sun 
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at  the  optimum  angle^ — about  50  de- 
grees above  horizontal  in  the  Corn  Belt. 

Mr.  Foster  says  drying  rates  with 
solar  systems  are  faster  than  with  natu- 
ral air  alone  and  usually  a  little  slower 
than  similar  low-temperature  systems 
with  supplemental  heat  from  fossil  fuel 
24  hours  a  day. 

In  20  days  agricultural  engineers  in 
Kansas  lowered  moisture  content  of 
shelled  corn  to  13.2  percent  with  solar 
drying  and  to  14.4  percent  with  natural 
air  alone.  In  Iowa,  moisture  content 
went  from  24  to  16  percent  after  24  days 
in  a  solar  bin,  and  to  14.6  percent  after 
16  days  with  continuous  electric  heat. 

Computer  simulation  studies  indicate 
the  right  airflow  rate  is  the  single  most 
important  requirement  for  success  with 
low-temperature  drying.  Variations  in 
weather  from  year  to  year  can  make  a 
threefold  difference  in  required  mini- 
mum airflow.  The  higher  the  tempera- 
ture or  the  initial  moisture  content  of 
the  grain,  the  higher  the  airflow  rate 
must  be  to  prevent  spoilage. 

Storing  solar  heat  so  drying  will  con- 
tinue during  the  night  might  improve 
performance,  Mr.  Foster  suggests.  In 
preliminary  tests  with  solar  heat  stored 
in  30  tons  of  rock,  a  flat-plate  collector 
plus  storage  accomplished  15  percent 
more  drying,  with  a  15  percent  higher 
collection  efficiency  than  a  tubular  col- 
lector of  similar  size  without  storage. 

Multiple  use  of  solar  collectors  for 
space  and  water  heating  as  well  as  grain 
and  forage  drying  is  under  study  in 
Colorado,  and  Kansas  engineers  are 
testing  a  combination  air-inflated  stor- 
age, solar  collector,  and  grain  dryer. 
Such  mutiple  uses,  if  feasible,  would 
reduce  equipment  cost  charged  to  solar 
grain  drying  and  further  reduce  de- 
pendence on  fossil  fuel. 

Solar  (lr\ing  slmuld  be  well  tested 
and  ready  as  a  viable  alternative  when 
use  of  other  fuels  must  be  restricted  be- 
cause of  decreased  supply  and  higher 
costs,  Mr.  Foster  believes. — W.W.M. 


Top:  To  (Ic  I  cnii  i  lie  the  cIkiiu/v  i)i  moi.'^l  iirc  co)itc))t  hi  ^^licUcd  com  dur- 
ing  solar  dnj'nuj,  scunplcs  are  periodicalh/  takoi  from  storage  bins. 
ISU  student  Robert  L.  Rolnniller  takes  a  probe  sample  while  Carl  J. 
Berv,  ISU  associate  jyrofessor  of  agricultural  engineering,  bottles  and 
labels  sa)nj)les  (OIT^X-Ui-S ) .  Above:  Agricultural  engi)ieer  Harrg  H. 
Converse  ivcigJis  siDuples  of  wet  grain  at  flic  U.S.  Grain  Market ing 
Research  Coitrr,  Manhatta)i.  To  deter)nine  the  moisture  content, 
each  samj)lc  is  weighed,  ovendricd,  and  weighed  again  (0175X63-30). 
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Mycoherbicide 

for 
Jointvetch 


Ax  ENDEMIC  fungal  disease,  incited 
.  by  a  highly  specific  and  virulent 
strain  of  the  fungal  pathogen  Colleto- 
trichiim  gloeosporioides,  has  been  used 
successfully  for  the  past  4  years  to  con- 
trol northern  jointvetch  in  Arkansas 
rice  fields.  Scientists  believe  the  fungus 


can  be  developed  as  a  commercial  my- 
coherbicide to  control  the  ^\"eed. 

Large  quantities  of  spores  are  ap- 
plied in  water  suspensions  w  ith  stand- 
ard aerial  application  equipment  and 
techniques  used  for  chemical  herbi- 
cides. The  anthracnose  disease,  -which 
rarelv  kills  weeds  in  nature  because  of 
low  natural  spore  density,  develops  rap- 
idlv  and  kills  weeds  ^vithin  1  month 
after  treatment  when  spores  at  a  con- 
centration of  1.5  million  per  milliliter 
of  Avater  are  dispersed  at  a  rate  of  94 
liters  per  hectare. 

Spores  for  large-scale  field  tests  in 
1975  were  produced  in  commercial  fer- 
mentors  by  a  chemical  company  in 
iMichigan.  They  were  shipped  in  liquid 
media  suspensions  by  air  freight  to  Ar- 
kansas for  application  to  ^veed-infested 
commerical  rice  fields. 


An  Experimental  Lse  Permit  and  a 
Temporary  Exemption  from  the  re- 
quirement of  establishing  a  residue 
tolerance  in  the  harvested  grain  Avere 
issued  by  the  Environmental  Protection 
Agencv  for  these  tests.  Researchers 
treated  approximately  600  acres  of  rice 
in  1975.  controlling  95  to  100  percent 
of  the  jointvetch.  The  -sseeds  ranged 
from  41  to  68  centimeters  tall.  All  field 
treatments  were  completed  \\ithin  7 
days  after  receiving  the  spores. 

The  research  team  ^s'as  comprised  of 
plant  pathologist  George  E.  Templeton 
and  research  associate  David  0. 
TeBeest  at  the  Lniversity  of  Arkansas, 
Favetteville,  and  ARS  agronomist  Roy 
J.  Smith.  Jr.,  of  the  Lniversity  of  Ar- 
kansas Rice  Branch  Experiment  Sta- 
tion (P.O.  Box  287,  Stuttgart,  AK 
72160).— P.L.G. 


Measuring  movemer^t  of  subsurface  water 


RESEARCHERS  have  perfected  a  de- 
vice for  measuring  subsurface 
^\ater  movement.  Called  a  vacuum  ex- 
tractor, the  device  is  accurate  to  within 
15  percent  of  actual  ^vater  movement  if 
properly  operated.  Previous  techniques 
w^ere  considered  good  if  they  came 
Avithin  50  percent  accuracy. 

Vacuum  extractors  provide  scientists 
with  information  on  movement  of  fer- 
tilizer and  irrigation  water,  thus  leadinij 
to  improved  irrigation  and  fertiliza- 
tion practices  for  farmers  and  ranchers. 
Once  irrigation  water  percolates  below 
the  root  zone,  it  is  unavailable  for  plant 
growth.  This  wasted  water  also  often 
takes  fertilizers  with  it. 

In  addition,  the  vacuum  extractors 
collect  ^vater  so  that  its  quality  can  be 
determined.  These  devices  are  now  in 
use  at  Boulder  and  Greeley,  Colo.;  Wil- 
liamsburg, Va. :  and  Milwaukee,  ^  isc, 
to  indicate  if  sewage  disposal  sites  are 
polluting  lakes,  rivers,  and  other  water 
supplies. 

The  vacuum  extractor  consists  of  a 
field  measuring  unit  and  a  vacuum  con- 
trol system.  The  measuring  unit  is  a 


metal  trough,  open  at  the  top  and  ap- 
proximately 5  feet  long.  Two  porous 
ceramic  tubes  are  placed  in  the  bottom 
of  the  trough.  Plastic  tubing  connects 
the  tubes  to  a  collection  bottle  at  the 
bottom  of  an  access  well  near  the 
trough's  end. 

Vacuum  is  applied  through  the  col- 
lection bottle  to  the  ceramic  tubes  so 
that  water  percolates  into  the  trough 
at  the  same  rate  that  water  moves  in 
the  surrounding  soil.  After  entering  the 
trough,  the  soil  'w  ater  is  dra^vn  into  the 
tubes,  then  drains  bv  gravitv  to  the  col- 
lection bottle.  This  ^vater  can  later  be 
pumped  out.  measured,  and  analyzed. 

The  vacuum  control  system  is  regu- 
lated by  U\'o  tensiometers,  devices  that 
measure  soil  water  pressure.  One  is  lo- 
cated in  the  trough,  near  the  open  top. 
The  second  is  placed  at  the  same  depth, 
about  2  feet  away.  By  keeping  the  read- 
ings on  the  Us  o  tensiometers  approxi- 
mately equal,  an  accurate  amount  of 
water  is  collected.  Too  much  pressure 
collects  too  much  water,  indicating 
more  'svater  movement  than  actually 
exists. 


To  install  this  system,  the  research- 
ers dig  a  trench,  then  bore  a  horizontal 
hole  into  one  of  its  sides,  3  to  5  feet 
belo^\■  the  soil  surface  and  below  the 
root  zone.  The  trough  is  inserted  into 
the  bore  hole,  then  pushed  upward  into 
the  undisturbed  soil  by  inflating  a  rub- 
ber pillows"  attached  to  the  outside  bot- 
tom of  the  trough. 

ARS  agricultural  engineer  Harold  R. 
Duke  1 360  S.  Howes,  Ft.  Collins,  CO 
80521 1 .  savs.  "Such  installation  insures 
more  accurate  readings  than  merely 
digging  a  trench,  lowering  the  trough 
into  it.  and  covering  with  loose  soil." 

Top  of  the  access  well  is  at  least  18 
inches  belo^v  the  soil  surface  so  that 
fields  can  be  plo^ved  and  cultivated 
without  any  disturbance  of  the 
instruments. 

One  pump  can  supply  enough  vac- 
uum to  operate  as  many  as  12  troughs, 
as  far  a^\'ay  as  1,200  feet. 

Dr.  Duke  says  the  unit  works  much 
better  on  light,  sandy  soils  than  on 
either  clay  or  loam.  He  reports  that  his 
crew  of  four  people  can  install  four  of 
these  units  in  a  day. — D.H.S. 
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Mosquitoes 


AT  a  lime  when  several  species  of 
mosquitoes  have  developed  very 
high  levels  of  resistance  to  conventional 
insecticides,  insect  growth  regulators 
(IGR's)  offer  an  alternative  approach 
to  mosquito  control. 

Synthetic  juvenile  hormone  analogs 
and  other  types  of  compounds  affect  the 
immature  stages  of  mosquitoes  by  in- 
hibiting development. 

Controlling  mosquitoes,  for  nuisance 
value  and  for  disease,  is  a  serious 
worldwide  concern.  Of  the  175  or  more 
species  of  Anopheles  mosquitoes,  one- 
third  are  carriers  of  malaria,  endemic 
in  parts  of  Central  America,  Mexico, 
Africa,  and  southern  and  southeast 
Asia. 

In  laboratory  studies,  ARS  research- 
ers have  examined  the  effectiveness  of 
85  IGR's  on  the  larvae  of  Anopheles 
quadrimaculatus  Say,  once  a  major 
vector  of  malaria  in  the  United  States. 
Then  they  conducted  small  plot  field 
tests  with  those  compounds  that  Avere 
found  most  effective. 

The  most  promising  Avere  field  tested 
in  Lee  County,  Fla.,  where  they  were 
applied  by  helicopter  against  natural 
populations  of  the  saltmarsh  mosquito, 
Aedes  taeniorhynchus  (Wiedemann) . 

Of  the  80  compounds  tested  with  4th- 
stage  larvae,  5  proved  exceptional  with 
LC-90  values  (lethal  concentration  nec- 
essary to  kill  90  percent)  of  less  than 
0.020  parts  per  million  I  ppm  1.  and  14 
others  were  below  0.165  ppm. 

Four  of  eight  formulated  ICR  mate- 
rials tested  in  small  field  plots  were  ef- 
fective at  0.01  to  0.05  lb  per  acre. 

Two  of  the  most  promising  com- 
pounds, methoprene  and  TH-6040. 
were  effective  at  0.025  and  0.02  lb  j)er 
acre,  respectively,  against  natural  pop- 
ulations that  occurred  in  the  outdoor 
plots  after  flooding. 

Aerial  applications  of  TH-6010  and 
melhoprene  were  conducled  during  the 
summer  on  Gait  Island  and  Saiiibel  Is- 
land in  Lee  Co.  The  saltmarsh  mos- 
quitoes were  breeding  among  flooded 
mangroves  and  grasslands. 

Complete  control  of  the  mosquito 
was  obtained  with  0.025  lb  of  TH-  0040 


and  0.05  lb  of  methoprene  applied  bv 
helicopter  in  5  to  10  gallons  of  aqueous 
formulation  per  acre. 

"We  made  casual  observations  of 
other  aquatic  species  and  spiders,  and 
spotchecks  of  nearby  apiaries  but  we 
found  no  obvious  effect  on  these  nontar- 
get  organisms,"  reports  ARS  entomolo- 
gist David  A.  Dame  (Insects  Affecting 
Man  Research  Laboratory.  P.O.  Box 
14565.  Gainesville,  FL  32604  ). 

Importantly,  the  insecticide-resistant 
strains  of  both  the  saltmarsh  mosquito 
and  Anopheles  quadrimaculatus  were 
as  susceptible  in  laboratory  assays  to 
these  two  compounds  as  were  nonre- 
sistant  strains  of  the  same  species. 

Additional  studies  w  ith  arylterpenoid 
compounds  developed  bv  ARS  chemist 
Meyer  Sch\\  arz  have  revealed  these  ma- 
terials to  be  even  more  effective  than 
methoprene  and  TH-6040  in  the  labo- 
ratory against  Aedes  taeniorhynchus. 
Anopheles  quadrimaculatus,  and 
Anopheles  albimanus,  an  important 
malaria  vector  in  Central  America. 

In  addition  to  Dr.  Dame  and  Dr. 
Schwarz,  the  research  team  included 
ARS  entomologist  Ronald  E.  Lowe  and 
technician  Kenton  F.  Baldwin  at  the 
Gainesville  laboratory,  George  J.  Wich- 
terman  and  T.  Wayne  Miller  of  the  Lee 
County  Mosquito  Central  District  in  Ft. 
Myers,  and  Angela  L.  Cameron  with 
the  Dejit.  of  Entomology  and  Nematol- 
ogy  at  the  Lniversity  of  Florida. 
—P.L.G. 
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Better  charge,  better  pollination 


Bees  entering  a  hive  after  for- 
aging deposit  substantial  elec- 
trical potentials  on  the  comb 
surface.  The  hive — iyiside  a 
Faraday  cage  with  one  open  end 
to  allow  the  bees  free  move- 
ment— is  a  standard,  single- 
story  beehive.  The  combs  are 
ivired  with  either  a  surface  or  a 
core  attachment.  This  alloivs  re- 
searchers to  determine  the  dif- 
ference in  electrical  potential 
betiveen  the  surface  of  the  comb, 
which  is  coated  with  a  raicrothin 
layer  of  propolis,  and  the  wax 
core.  Project  assistayit  Sue  M. 
Weston  checks  weather  data  to 
determine  the  effect  of  weather 
on  the  amount  of  energy  poten- 
tial deposited  in  the  hive 
(0676X797-17). 


HONEY  BEES  entering  their  hive 
after  flights  on  a  fair  summer  day 
carry  electrical  charges  that  are  more 
positive  than  charges  they  carry  on 
cool,  cloudy  days.  Hoav  ^\  ell  the  bees  get 
charged  up  may  have  a  bearing  on  hoAv 
Avell  they  do  their  job  of  pollinating 
more  than  100  agricultural  crops. 

Measuring  electrical  potentials 
(charges)  of  worker  bees  between  7 
a.m.  and  6  p.m.,  ARS  entomologist 
Eric  H.  Erickson  (Dept.  of  Entomol- 
ogy, University  of  Wisconsin,  Madison, 
WI  53706) ,  found  that  as  bees  left  the 
hive,  their  potentials  normally  ^vere 
slightly  negative  to  earth  ground  earlv 
in  the  day  and  turned  slightly  positive 
as  the  day  advanced. 

As  bees  fly  they  may  acquire  positive 
potentials,  says  Dr.  Erickson.  He  found 
that  bees  returning  to  the  hive  had  posi- 
tive voltages — up  to  1.5  volts  d.c. — on 
bright,  warm  days  with  lo^v  humidity, 
and  the  peak  voltages  occurred  at  mid- 
day or  early  afternoon. 

Scientists  have  also  learned  that  some 
plant  species,  under  fair  weather  con- 
ditions, have  negative  potentials  that 
become  greatest  at  midday.  Do  these 


phenomena  influence  the  bees'  choices 
of  flowers  to  visit?  Dr.  Erickson  is 
trying  to  find  out  whether  environ- 
mental electricity  serves  as  a  behavioral 
stimulus  for  bees'  pollination  and  for- 
aging. 

The  difference  in  electrical  potential 
between  flower  and  bee  may  cause  pol- 
len transfer  when  the  bee  comes  close 
to  but  does  not  actuallv  touch  the  male 
part  of  the  lossom,  says  Dr.  Erickson. 
And  besides  possibly  increasing  polli- 
nation efficiency,  the  electrical  phenom- 
ena may  be  components  of  learning  as 
bees  communicate. 

Dr.  Erickson  has  evidence  that  inten- 
sities of  electrostatic  charges  that  bees 
acquire,  as  they  return  to  the  hive,  are 
influenced  by  both  the  distance  they  fly 
and  solar  radiation.  A  daily  cycle  of 
changes  in  solar  radiation  is  related  to 
a  dailv  cvcle  of  changes  in  positive  elec- 
trical potentials  on  the  bees.  Early  in 
his  studies.  Dr.  Erickson  measured 
these  potentials  during  a  partial  eclipse 
of  the  sun  and  found  that  they  were 
less  intense  than  during  the  same  time 
on  other  davs  with  similar  weather. 

Worker  bees  become  irritable  when 


the  air  is  highly  charged  ^vith  elec- 
tricitv.  according  to  observations  of 
other  researchers.  Scientists  also  have 
found  that  bees"  electrostatic  charges  in- 
crease during  periods  of  atmospheric 
electrical  activity  before  storms. 
—G.B.H. 


One  method  used  to  indicate  bees'  sen- 
sitivity to  electricity  is  the  application 
of  electrical  potential  to  the  py'opolis.  As 
Dr.  Ericksoyi  applies  the  charge,  bees 
will  exhibit  a  range  of  response  pat- 
terns from,  no  response  to  aggressive- 
ness, depending  on  the  weather  (0676X 
796-6). 
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Biological  control  of  mesquite 

A  PLANT  that  should  be  familiar  to 
everyone  from  the  more  desolate  scenes 
in  Western  movies  is  also  a  serious  pest 
infesting  50  million  acres  of  rangeland 
in  Texas  as  well  as  parts  of  New  Mexico 
and  Arizona. 

Still  expanding  its  range  from  the 
early  days  when  it  moved  with  settlers' 
cattle  out  of  isolated  arroyos,  mesquite 
is  a  drought-hardy,  woody  legume  that 
has  deep  roots  and  can  withstand  long 
periods  of  drought — but  it  also  uses 
great  quantities  of  water  when  it  is 
available.  In  fact,  it  has  been  known  to 
dry  up  springs  and  waterholes,  so 
voracious  is  its  thirst,  and  thus  deprive 
cattle  and  range  grass  of  needed  water. 

Currently,  ranchers  attempt  to  con- 
trol mesquite  with  chemicals  without 
complete  success. 

Searching  for  a  possible  biological 
control,  ARS  entomologist  Charlie  E. 
Rogers  (Southwestern  Great  Plains  Re- 
search Center,  Bushland,  TX  79012  ), 
conducted  a  3-year  study  of  an  insect 
that  girdles  the  branches  of  the  mes- 
quite plant. 

The  adults  of  the  twig  girdler  chew 
around  the  branches,  mostlv  during 
middle  and  late  September,  killing  the 
stems  and  branches  and  laying  eggs  in 
the  dying  tissue.  The  eggs  hatch,  the 
larvae  develop  into  more  adults,  and 
the  girdling  goes  on. 

While  the  twig  girdler  sho\\s  some 
promise  as  a  possible  biological  con- 
trol, the  main  problem  is  that  it  is  a 


native  species  and  thus  subject  to 
many  natural  enemies. 

Dr.  Rogers  feels  that  a  similar  insect 
imported  from  abroad  that  would  be 
more  free  from  natural  parasites  and 
predators  might  be  more  effective  to 
help  control  an  increasingly  trouble- 
some pest  that  costs  ranchers  heavy  in- 
vestments each  year  in  time,  effort,  and 
money. — B.D.C. 

Nature's  boosters 

NATURE  has  provided  us  with  fungal 
allies  that  we  have  ignored  rather  than 
supported  for  far  too  long.  The  fungi 
are  called  mycorrhizae  and  if  ARS  is 
successful  in  utilizing  these  biological 
boosters,  the  amount  of  fertilizers 
needed  to  obtain  good,  healthy  plants 
may  be  significantly  reduced.  The  in- 
cidence or  severity  of  root  diseases 
may  be  decreased,  providing  an  added 
benefit. 

Most  fertilizers  are  derived  from 
fossil  fuels.  Any  reduction  in  the 
amount  of  fertilizer  needed  to  groAv  a 
crop  \\ould  be  an  important  contribu- 
tion to  energy  conservation. 

Mycorrhizae  under  study  are  fungi 
tliat  live  in  a  symbiot'c  state  in  p\i\n\ 
roots.  It  is  abnormal  for  most  jilanls 
not  to  have  mycorrhizae,  and  most 
plants  on  llie  earth  do. 

The  relationship  between  the  mv- 
corrhizal  fungi  and  the  host  plant  is 
beneficial  to  both,  and  many  research- 
ers feel  that  the  relationship  is  essential 
to  the  host  {)lant's  survival  and  well- 


being,  ^et  we  currently  suppress  the 
mycorrhizae  by  overfertilization.  Also, 
fumigation  with  pesticides,  designed  to 
kill  undesirable  fungi,  kills  desirable 
fungi  as  well. 

ARS  plant  pathologist  Robert  Lin- 
derman.  at  the  Ornamental  Plants 
Research  Laboratory  (1057  Cordley 
Hall,  Oregon  State  University,  Cor- 
vallis,  OR  97331),  hopes  to  learn  how 
to  gradually  "ease  back  on  fertilizer*' 
and  ease  in  mycorrhizae." 

Currently  Dr.  Linderman  and  hi« 
staff  are  characterizing  the  mycorrhizae 
which  occur  on  a  range  of  ornamental 
plants.  They  are  studying  how  these 
fungi  enhance  plant  growth  by  in- 
creased nutrient  uptake,  how  they  en- 
hance root  proliferation,  how  diseases 
of  the  host  plant  are  affected,  how  much 
the  amount  of  fertili/.er  needed  by  the 
host  plant  might  be  reduced,  and 
whether  mycorrhizae  can  effectively 
reduce  the  effects  of  environmental 
stresses. 

Mvcorrhizae  are  grouped  in  three 
major  types,  based  on  the  way  the 
fungus  infects  its  host  roots.  All  three 
types  have  an  extensive  network  of 
In  phal  strands  that  extend  into  the  soil 
awa\  from  tlic  root.  These  strands 
fuiiclion  as  an  extended  root  system  for 
tlie  host  plant  and  greatly  increase  the 
plant's  al)ilit\  to  i:allicr  in  water  and 
nutritMits.  In  addition,  some  mvcorrhi- 
zae also  increase  the  host  |)]ant"s 
ability  to  store  nutrients  and  to  ward 
off  attacks  from  pathogens. 

In  several  ^\  avs.  then,  the  mvcorrhi- 
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zae  work  to  increase  the  host  plant's 
efficiency.  A  more  efficient  plant  needs 
less  fertilization  because  it  wastes  less 
of  the  nutrients  made  available  to  it. 
Moreover,  with  mycorrhizae  at  work, 
cuttings  of  plants  that  are  difficult  to 
root  become  much  easier  to  root. 

It  may  be  10  years  before  mycorrhi- 
zae are  understood  enough  to  be  used 
by  growers  on  a  large  scale  to  enhance 
growth  and  adaptability  of  plants,  but 
at  least  the  groundwork  is  well  under- 
way.—L.C.  7. 

Let  them  eat  viruses 

OUR  sun's  light  makes  possible  all  life 
on  earth,  and  primitive  people  were  not 
wrong  to  regard  it  as  a  father- — and  like 
an  earthly  father,  it  punishes  as  well  as 
sustains :  remember  those  blisters  from 
a  dazzling  day  on  the  beach? 

The  same  radiation  that  caused  those 
blisters  also  cuts  the  effectiveness  of 
one  of  science's  most  promising  bio- 
logical controls  of  insect  pests — a  virus, 
harmless  to  man,  that  can  be  used  to 
eliminate  large  numbers  of  bugs, 
among  them  the  notoriously  destruc- 
tive pests  of  cotton,  the  bollworm  and 
tobacco  budivorm. 

Now,  by  protecting  the  nuclear 
polyhedrosis  virus  from  sunlight  that 
rapidly  inactivates  it,  scientists  are  able 
to  achieve  biological  control  of  boll- 
worms  and  budworms  that  approaches 
the  control  given  by  chemical  insecti- 
cides. 

The  trick  is  to  encapsulate  the  virus 
in  a  digestible  substance  that  protects 
it  from  the  sun's  ultraviolet  rays  until 
the  caterpillars  eat  it.  The  virus  then 
attacks  the  bugs  from  within,  causing 
death  and  disintegration  and  further 
releasing  large  quantities  of  virus. 
Other  caterpillars  consume  the  increas- 
ingly more  abundant  virus,  thus  setting 
off  an  epidemic. 

In  tests  conducted  with  the  South- 
west Research  Institute,  ARS  entomol- 
ogists Don  L.  Bull  (Cotton  Insects  Re- 
search Laboratory,  College  Station, 
TX  77840)  and  Richard  L.  Ridgway 
(National  Program  Staff,  Beltsville, 


MD  20705)  found  that  two  commonly 
available  materials  were  effective  as 
encapsulating  screening  agents:  carbon 
black  and  titanium  dioxide. 

These  formulations  increased  the 
killing  power  of  the  virus  over  unpro- 
tected virus  by  preserving  effective  bio- 
logical activity  for  several  days  in  the 
field.  They  also  enabled  the  virus  to 
withstand  long  exposure  directlv  be- 
neath germicidal  and  blacklight  lamps 
in  laboratory  tests. 

A  further  encouraging  aspect  of  the 
encapsulated  virus  is  that  it  can  be  used 
with  conventional  application  equip- 
ment. 

Future  research  will  be  directed  to- 
^\ard  improving  the  encapsulated  for- 
mulations. For  instance,  the  present 
formulations  probably  provide  protec- 
tion from  sunlight  far  beyond  what  is 
actually  needed  in  practical  application. 
The  scientists  will  also  try  to  find  "gus- 
tatory-stimulants" to  incorporate  into 
the  formulations,  that  is,  to  create  an 
irresistible  and  fatal  gourmet  treat  for 
the  pests.  Bon  appetit,  bug! — B.D.C. 

UHF  energy  destroys  weed  seeds 

JOHNSOXGRASS,  a  prolific  weed  found 
in  many  farm  fields,  may  someday  be 
brought  to  account  bv  electromagnetic 
energv  being  tested  in  the  laboratorv. 
ARS  scientists  Robert  Menges  (P.O. 
Box  267,  Weslaco.  TX  78596)  and  Rex 
Millhollon  (P.O.  Box  470.  Houma,  LA 
70360)  placed  water-soaked  and  un- 
soaked  Johnsongrass  seeds  in  test  tubes 
partiallv  filled  with  air-dry  sandv  loam 
soil.  The  seeds  were  exposed  to  45  and 
90  joules  per  cubic  centimeter  (J/cm^) 
of  Ultra-High  Frequency  Electromag- 
netic energy.  The  control  group  was 
unexposed.  Maximum  soil  temperatures 
were  59°C  at  45  J/cm^  and  94°C  at 
90°  J/cm^.  The  seeds  were  maintained 
for  6  months  at  20°  to  35 °C  with  a 
daily  exposure  of  8  hours  light  and  16 
hours  dark. 

Percentages  of  seeds  germinating  or 
decaying  were  recorded  weekly.  After 
6  months  44  percent  of  the  unexposed 
seeds  germinated,  29  percent  did  not 


germinate,  and  27  percent  decayed. 
The  seeds  exposed  to  90  J/cm^  of  Ultra- 
High  Frequency  energy  ^vere  nearly  all 
decayed,  regardless  of  whether  they 
were  soaked.  At  45  J/cm^  unsoaked 
seeds  were  not  affected,  but  73  percent 
of  the  soaked  seeds  were  decayed. 

Although  further  studies  ■\vill  be 
done,  these  preliminarv  data  indicate 
that  UHF  energy  affected  the  germi- 
nation capabilit}'  of  dormant  Johnson- 
grass  seeds.  Exposure  to  UHF  energy 
caused  injury  sufficiently  severe  to 
allow  decav  of  the  seeds. — E.L. 

Carrot  juice  for  breakfast 

AN  estimated  20.000  to  24.000  tons  of 
carrots  fail  to  meet  market  quality 
standards  and  are  discarded  each  year 
in  the  South  Texas  area  alone.  Con- 
cerned about  this  colossal  waste  of  re- 
sources, ARS  scientists  Guadalupe 
Saldana,  Thomas  S.  Stephens,  and 
Bruce  J.  Lime,  of  the  Food  Crops  Utili- 
zation Research  Laboratory  (P.O.  Box 
388.  Weslaco,  TX  78596).  set  out  in 
search  of  a  remedy. 

Beverages  were  prepared  from  com- 
binations of  carrot  juice,  carrot  puree, 
whole  orange  puree,  grapefruit  and 
pineapple  juices,  lemon  juice  concen- 
trate, suaar.  citric  and  ascorbic  acids, 
and  artificial  pineapple  and  orange 
flavors. 

The  beverages  were  stored  at  20 °C 
(68°F)  for  9  months.  An  analysis  of 
the  pH.  acid,  Brix  (sugar  percentage) , 
B-rarotene,  ascorbic  acid,  color,  and 
flavor  was  made  at  0.  1,  2.  4.  6.  and  9 
months.  The  major  nutrient  lost  during 
processing  and  storage  was  ascorbic 
acid  (vitamin  C) .  The  juice  may.  how- 
ever, be  enriched  with  vitamin  C. 
Storage  had  no  effect  on  other  quality 
factors. 

A  taste  panel  consistently  rated  the 
carrot-orange  puree  plus  pineapple 
juice  as  the  beverage  ^vith  the  most  de- 
sirable flavor.  Plain  carrot  juice  had 
the  least  desirable  flavor.  '^^Tiile  carrot 
juice  has  not  vet  replaced  orange  juice 
for  breakfast,  it  may  one  day  have  a 
crack  at  it. — E.L. 
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Aug— 5 

Nutritious    feed    from    spine-singed  cactus. 
Mar-14 

Roughage  from  cottonseed  hulls.  Dec— 7 
Separating  genetic  from  environmental  dif- 
ferences. Api — 11 

Cattle,  dairy: 

Computer,   a   management   tool.  Feb— 6 
Mechanical  exerciser  improves  health.  Aug— 14 

Celiac  disease: 

Rice,  instead  of  wheat,  bread.  Jun— 6 
Victims  may  someday  cat  wheat.  Api~12 

Cherries  : 

Codling  moth  control.  Sept- 11 
Separated  from  stem  by  chemical.  Oct— 16 

Clover,  screening  procedure  for  leaf  spot.  May— 15 

Cold     resistance    mechanism    of    plants  studied. 
Jan-n 

Composted  scwngo  sludge  good  for  soil.  Feb— 7 
Corn,  frost  injury  linked  to  bacteria.  Dec— fl 
Cotton  : 

Cattle  feed  from  cottonseed  hulls.  Pec— 7 

Lines  resist  tobacco  biidworm.  Oct— 1.^ 
Pink  bollworms'  growth  regulated.  Jun— fl 
Prototype  textile  processing  system.  Sept— 8 


Disease  research: 

Barley  stripe  mosaic  virus.  Oct— I."! 
Bluclcingue  virus,   new   serot>pe,   Oct— 16 
Bovine     leukemia,     transmissible     to  man? 
M.Tr-15 

BVD  experimental  vaccine.  Sept— 14 

Celiac  disease  and  protein  in  «lieat.  \])r— 12 


Chemical     reaction     in     rumen  detoxifies. 
Nov-11 

Clylndrocladium     black     rot     of  peanuts. 

Nov-15 
Core-rot  of  carrots.  Apr— 16 
Curly  top-resistant  tomatoes.  Jul— 15 
Diagnostic   test  and  vaccine   for  ornithosis. 

Nov-12 

Downy  mildew-resistant  sunflower.  Jun— 15 
EIA  control  by  phenolic  compounds.  Sept— 11 
Foot-and-mouth  disease  vaccine.  Aug— 7 
Green  mold  and  citrus  fruit.  Ma>— 3 
Maize  weevil.  Feb— 5 

Porcine  parvovirus  infection.  Aug— 15 
Shipping  sterile  disease  plant  material.  Sept— 
16 

Sleepy  grass  and  cattle.  Jan— 16 
Soybean  mosaic  transmitted  by  aphids.  Feb— 
14 

Weak  calf  syndrome,  more  tlian  one  eau«» 
Mar-3 

Yellow  sorghum  stunt,  new  disease.  Jul— 16 


Ecosystem  monitored  on  micro-scale.  Jan— l'* 
Editorials  : 

Agricultural  advances.  Jul— 2 

Agriculture  and  life.  May— 2 

Canning  tomatoes  safely.  Aug— 2 

Forage  for  livestock  benefits  people.  Jan— " 

Genetic  vulnerability.  Oct— 2 

Grass,  its  many  gifts.  Mai — 2 

Inserts^— friends  and  pests.  Jun— 2 

Minimum  lillasr.  Feb— 2 

Plants  essential  to  quality  environment.  .Vpr— 
2 

Signs  of  autumn.  Sept— 2 

Tlianksciving  dinner  is  nutritious.  Nov— 2 
\^'ind,  u  source  of  energy.  Dec— 2 
Engineering  : 

Automated  method  for  juicing  apples.  Aug— 
16 

Cntllo  care  by  computer.  Feb— 6 

"Closed"  cooling  system  keeps  CO,  In  green- 
house. Mni — 16 

Cooling  equipment  for  bell  peppers.  Sept— 12 

Device  me.isures  subsurface  water  movement. 
Dec-13 

Dust-control     problems     in     h.nndlinc  crain. 

JuI-10 
Gr.iin  spreaders.  Feb— 3 

Improved  mechanical  fruit  tree  planter.  Oct— 
3 

Merhanlcnl  exerciser  for  dairy  cattle.  Aug— 14 
Poors  benefit  from  shake-pruning.  Jun— I  t 
Pecan  shelling  improved  by  steaming.  May— 12 
Prototxpe  leMilo-iirorossini;  s\~tom.  Sept— fl 
Sewaga  sludge  improves  soil.  Feb— 7 
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Solar  drying  permits  donble-cropping.  Jub— 
15 

Environment : 

Betual  uber,  "extinct"  birch  found.  May— 14 
Composted    sewage    sludge    improves  soil. 
Feb-7 

Quality  depends  on  plants,  edit.  Apr— 2 
Starch-encapsulated  chemicals.  Nov— 6 
What  happens  to  herbicides?  Aug— 6 
Wind,  a  source  of  energy,  edit.  Dec— 2 
Erosion : 

Controlled  by  no-tillage  farming.  Jun— 5 
Streambanks  stabilized  with  willows.  Jun— 11 


Flour,  extended  milling  gives  more  flour.  Mar— 10 
Forage ; 

Blue   grama   promising  for  abandoned  crop- 
lands. Jan— 6 
Feed  from  spine-singed  cactus.  Mar— 14 
Food  for  livestock  and  people,  edit.  Jan— 2 
Sampling  technique  for  species.  Jun— 3 
Sleepy  grass  can  control  cattle.  Jan— 16 
Fungicides  stop  dropped  citrus  fruit  decay.  May— 3 


Genetics,  animal : 

Assessing  beef  cattle  genetic  resources,  edit. 
Dec-6 

Measuring  genetic  variation   of  beef  cattle. 
Apr-11 
Genetics,  plant : 

Germ  plasm  and  genetic  vulnerability.  Oct— 2 
Improved  protein  in  durum  wheats.  Apr— 6 
Twin-seeded    sorghum    hybrids    yield  less. 
Nov— 16 

Wheat  varieties  resist  Hessian  fly  and  cereal 
leaf  beetle.  Jul— 3 

Grape  varieties  resist  Pierce's  disease.  Nov— 7 
Grapefruit,  sheepnose  study.  Api— 14 
Grass,  countless  benefits,  edit.  Mat^2 


Halogeton,  oxalate,  and  sheep.  Apr— 14 

Herbicides : 

Cold  resistance  may  be  substitute.  Jan— 8 
How  does  perfluidone  work?  Feb— 13 
Metabolism  study.  Aug— 6 

Housefly  suppressed  by  wasp.  Apr— 8 

Hymenovin,    poison    common    to     3  rangeland 
weeds.  Oct— 12 

Insecticides : 

Alternatives     for     protecting     stored  rice. 
Jun-16 


Experimental     insecticides     protect  stored 

foods.  Mai — 15 
Methoprene  effective  against  horn  fly.  Jan— 11 
Pyrethrins  mothproof  wool.  Jan— 16 
Insects : 

Bees  controlled  by  >-ibrating  hive.  Nov— 11 
Beet  armyworm,  mathematical  model.  Oct— 11 
Blue  alfalfa  aphid-resistant  alfalfa  varieties. 
Oct-6 

Boll  weevil,  simplified  sexing.  Sept— 6 
Cereal  leaf  beetle-resistant  wheat.  Jul— 3 
Chicken  louse  debilitated  by  fungus.  Mar— 12 
Codling  moth  control  in  cherries.  Sept— 11 
Friends  and  pests,  edit.  Jun— 2 
Grasshoppers  eat  Nosema  locustae  and  die. 
Jan— 5 

Hessian  fly-resistant  wheat  varieties.  Jul— 3 
Horn  fly  controlled  by  methoprene.  Jan— 11 
Horn  fly  susceptible  to  TH-6040.  JuI-11 
Housefly  controlled  by  wasp.  Apr— 8 
Indian  meal  moth  losses  to  BT.  May— 6 
Lice  diets  determined.  Jul— 15 
Maizo  weevil,  Arkansas  strain.  Feb— 3 
Mosquito     control     by     growth  regulators. 
Dec-14 

Navel  orangeworm  control  program.  May— 16 
Pink  bollworm  growth  regulated.  Jun— 8 
Stable  fly  susceptible  to  Dimilin.  Jul— 11 
Stored  grain  pests'  growth  inhibited.  May— 15 
Stored  grain  pests  suppressed  by  tricalcium 

phosphate.  Jul— 16 
Ticks  stopped  by  ear  tag  on  cattle.  Nov— 15 
Tobacco  budworm-resistant  cotton  lines.  Oct— 

15 

Irrigation : 

System  improved  by  controlling  reed  canary- 

erass.  Oct— 13 
Within-row  technique  saves  water.  Jan— 14 

Marketing : 

Carbon  dioxide  aids  stored  apples.  Feb— 12 
Chemical  separates  cherry  from  stem.  Oct— 16 
Experimental    insecticides    better  protection 

than  malathion  for  stored  food.  Mar— 15 
Grain  spreaders.  Feb— 3 
Heat  keeps  raisins  soft.  Sept— 16 
Sheepnosed  grapefruit  cause  studied.  Apr— 14 

Meat : 

Lamb  steaks  from  nonprimal  cuts.  Jun— 7 
Mechanical  harvesting: 

Pear  trees  pruned  -with  shakers  benefit.  Jun— 
14 

Mothproofer,  pyrethrins  protect  wool.  Jan— 16 
Mycoherbicide  controls  northern  jointvetch.  Dee— 
13 

Mycorrhizae : 

Cut  need  for  fertilizer?  Dec— 16 


Nutrition,  human : 

Arsenic  may  be  essential.  Mar— 16 
Celiac  victims  can  eat  rice  bread.  Jun— 6 
Excess  protein  causes  osteoporosis.  Nov— 5 
Fiber    need    met    by    fiber-enriched  bread. 
Jun-14 

Grain  diet  requires  added  vitamin  C.  Mar— 13 
Thanksgiving  dinner  is  nutritious,  edit.  Nov— 2 
Whey-enriched  macaroni  has  more  protein. 
Apr-3 

Zinc  available  from  legumes.  Jan— 3 


Peanuts,  quick  method  for  hybridizing.  Aug— 15 
Pears  benefit  from  shake-pruning.  Jun— 14 
Peas,  quick  check  for  root  rot.  Jan— 15 
Pecans : 

New  process  aids  shelling.  May— 12 

Sound  shell  bars  fungus.  Aug— 16 
Pesticides : 

Encapsulated  by  starch.  Nov— 6 

New  and  less  hazardous.  Jun— 12 
Photosynthesis : 

Soybean  yield  increased.  Feb— 14 

Used  to  produce  hydrogen  from  water.  Jul— 7 
Plant  stress  predictors.  Apr— 13 
Pollution : 

Alfalfa  safeguards  ground  water.  Feb— 15 
Recovering  copper  from  efiluents.  Oct— 14 
Smog  reduces  alfalfa  yield.  Nov— 3 
Poultry : 

Chicken  louse  control  with  fungus.  Mai — 12 
Diagnostic   test  and  vaccine  for  ornitliosis. 
Nov-12 
Public  Law  480  research: 

Grain  diet  requires  added  vitamin  C.  Mar— 13 
Hydrilla  controlled  by  larvae.  May— 14 
Soybeans  as  substitute  for  petroleum.  Jul— 6 
Sunflower  breeding  program.  Oct— 10 


Rice : 

Curly  indigo  control  by  fungus.  Jan— 10 
Large  loss  of  stored  rice  to  insects.  May— 13 
Root   rot — peas   aided   by   rapid   screening  tech- 
nique. Jan— 15 

Safety ; 

Canning  tomatoes,  edit.  Aug— 2 
Seeds : 

Life  of  weed  seeds  in  soil.  Apr— 15 
Sheep : 

Grazing  on  halogeton.  Api — 14 
Late-season  breeding  of  drylot  ewes.  Mar— 14 
Three   forage  species  have  same  toxic  con- 
stituent. Oct— 12 
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Soil: 

Deep  plowing  benefits  sodic  soils.  Jul— 12 
Erosion    prevented    by    no-tillage  farming. 
Jun— 5 

Moisture  and  plant  physiology.  Oct— 7 
Multiset  irrigation  system  buries  pipe.  Nov— 
13 

Reclaiming  saline  soils.  Apr— 16 
Shallow  drainage  system.  Sept— 15 
Streambanks  stabilized  with  willows.  Jun— 11 
Tillage    controls    Clyindrocladium    black  rot. 

Nov-15 
Solar  drying: 

Supplements    low-temperature    grain  drying. 

Dec-10 
Winter  wheat.  Jun— 15 
Sorghum  : 

Narrow-row  spacing  increases  yield.  Apr— 7 
New  disease  causes  dwarfing.  Jul— 16 
Source  of  sugar.  Aug— 3 
Twin-seeded  hybrids  yield  less.  Nov— 16 
Soybeans : 

Pods  measured  by  hand  caliper.  Oct— 5. 
Soybean  mosiac  transmitted  by  aphids.  Feb— 
14 

Substitute  for  petroleum.  Jul— 6 
Techniques  to  increase  yield.  Feb— 14 
Twenty  production  systems  studied.  Mar— 6 
Yogurt  made  from  soy  milk.  Aug— 5 
Stored  grain: 

Alternatives  for  malathion.  Jun— 16 
Dust-control  problems.  Jul— 10 
Experimental   insecticides  better  than  mala- 
thion. Mar— 15 
Insect  control  by  tricalcium  phosphate.  Jul— 
16 

Large  loss  of  rice  to  insects.  May— 13 
Pests'  growth  inhibited  by  chemical.  May— 15 
Protected  from  Indian  meal  moth.  May— 6 
Sugar : 

Block<i  extend  processing  season.  Feb— 16 
Sorghum,  a  source  of  raw  sugar.  Aug— 3 

Sunflower : 

Broad-base  breeding  program.  Oct— 10 
Strain  resists  downy  mildew.  Jun— 15 

Super    slurper    wins    Industrial    Research  award. 
Jan-12 

Swine  reproductive  failure  and  porcine  parvovirus. 
Aug— 15 


Techniques,  laboratory: 

Boll  weevil  sexinc;  simjilified.  Sept— 6 
Feeding  device  for  individual  bees.  Aug— 10 
Hydrogen  and  nitrogen  produced  by  photo- 
synthesis. Jul— 7 
That  We  May  Eat,  1975  Yearbook  of  Agriculture. 
Jan-15 


The  Face   of  Rural  America,    1976  Yearbook  of 

Agriculture.  Sept— 15 
Tillage,  less  saves  money  and  environment,  edit. 

Feb-2 


Utilization: 

Automated  method  for  juicing  apples.  Aug— 
16 

Brassica  carinata,  source  of  protein.  Apr— 7 

Bread  test-baking  reduced.  Feb— 15 

Calcium    compounds    recover    copper  from 

effluents.  Oct— 14 
Cattle  waste— cattle  food.  Aug— 5 
Eggs  as  convenience  breakfast  dish.  Apr— 10 
Fiber-enriched  bread  aids  diet.  Jun— 14 
Lamb  steaks  from  nonprimal  cuts.  Jun— 7 
Less  hazardous  pesticides.  Jun— 12 
Photosynthesis  produces  hydrogen  and  fixes 

nitrogen.  Jul— 7 
Proper  canning  prevents  botulism.  Aug— 12 
Soybean  substitute  for  petroleum.  Jul— 6 
Sugar     blocks     extend     processing  season. 

Feb-16 

Sugar  production  from  sorghum.  Aug— 3 
Super  slurper  uses  increase.  Jan— 12 
Wheat    milling    process    yields    more  flour. 
Mar-10 

Whey-enriched   macaroni   has  more  protein. 
Apr-3 

Yogurt  from  soy  milk.  Aug— 5 


Vegetables : 

Bell  peppers,  cooling  equipment.  Sept— 12 

Brassica  carinata,  source  of  protein.  Apr— 7 

Carrots,  a  base  for  juice.  Dec— 17 

New  carrot  disease.  Apr— 16 

Tomato  varieties  resist  curly  top.  Jul— 15 

Tomatoes,  canning  and  botulism.  Aug— 12 


Weak  calf  syndrome,  more  than  one  cause.  Mai — 3 
Weeds : 

Hydrilla  controlled  by  larvae.  May— 14 
Life  of  seeds  in  soil.  Api — 15 
IIHF  destroys  Johnsonsrass  seeds.  Dec— 17 
Yellow        nutsedge— perfluidone  controls. 
Feb-13 

Wheat: 

Genetic  adaptation  adds  protein.  Api — 6 
Protein  content  can  be  increased.  Feb— 5 
Varieties   resist   Hessian   fly   and   cereal  leaf 
beetle.  Jul— 3 

Whey    added    to    macaroni    gives    more  protein. 
Apr-3 


Yearbook  of  Agriculture: 

1975,  TAaf  We  May  Eat.  Jan-15 

1976,  The  Face  of  Rural  America.  Sept— 15 
Yogurt  from  soy  milk  tastes  good.  Aug— 5 


Zino  from  legumes.  Jan— 3 


When  reporting  research  involving 
pesticides,  this  magazine  does  not 
imply  that  pesticide  uses  dis- 
cussed have  been  registered.  Regis- 
tration is  necessary  before  recom- 
mendation. Pesticides  can  be  in- 
jurious to  humans,  domestic  ani- 
mals, desirable  plants,  and  fish  or 
r~TV  other  wildlife — if 
1^^^  I  not  handled  or 
PttOTEG^  applied  proper- 
ly.  Use  all  pesti- 
cides selectively 
^f^i^     and  carefully. 
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